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INTRODUCTION
Endometrial cancer is the most common gynaecological
malignancy of developed countries.1 In Pakistan no
separate data regarding the prevalence of  endometrial
carcinoma is available, however, according to the
Karachi Cancer Registry statistics, cancers of female
genital tract i.e. cervix, ovary and uterine body
encompass 13.1% of the total cancers in the females.2
The prognosis of endometrial cancer is dependent on a
number of factors i.e. the sub-type and grade on
histology, stage of tumour at diagnosis (including depth
of myometrial invasion) and lymph node metastasis.
Most of the patients with endometrial cancer present
with vaginal bleeding and the diagnosis is made by
endometrial biopsy. But pre-operative staging is very
important in planning proper surgical procedure and
ascertaining whether to perform lymph node sampling.
Patients with lymph nodes metastasis have a
significantly higher recurrence rate and a lower 5-years
survival rate than the patients without lymph node
involvement by disease.3
MRI is an excellent imaging method to evaluate the local
stage of endometrial cancer. Endometrial cancer is seen
as thickened endometrium on T2- weighted images. The
signal intensity may range from high to low; at times
it may be impossible to differentiate from normal
endometrium or adjacent myometrium on conventional
MRI.4
Diffusion-weighted imaging (DWI) is a recent new
imaging technique which depicts tissue characteristics
based on diffusion motion of water molecules. Diffusion
weighted MR imaging visualizes a random microscopic
motion of molecules and that is how it provides a tissue
contrast different from that of conventional T1 and
T2 weighted images. Initially the usefulness of this
technique was established in central nervous system,
and now DW imaging is the most accurate modality for
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diagnosing acute brain infarction.5,6 The technique is
applied to the abdominal organs and is known to depict
malignant tumours with high sensitivity.7-12 DWI can also
provide values of apparent diffusion coefficient (ADC) of
tissues under investigation. The ADC value of tissue is
influenced by nuclear-to-cytoplasmic ratio (NCR) and
cellular density.7,13-16 It is known that the ADC values of
malignant neoplasm are lower than those of normal
tissues and benign lesion in the breast, the liver, the
pancreas, the kidneys, the bladder, the prostate and the
uterine cervix.17-22 In highly cellular tissues such as
cancers, relatively little extracellular space is available
leading to restricted motion of water molecules, causing
decreased ADC values which was the rationale of this
study.
This study was conducted to determine the sensitivity of
DWI for the diagnosis of endometrial cancer and to
determine the difference in ADC values of endometrial
cancer verses normal endometrium.
METHODOLOGY
It was a cross-sectional analytical study, conducted at
the Radiology Department of The Aga Khan University
Hospital. Convenience sampling was used and all adult
female patients, who underwent MR examination of
pelvis with suspicion of endometrial cancer and which
later had surgery and histopathology, were included in
the study. The study period was from January 2007 to
December 2009. Fifty two patients with complete
medical records were included in the study. Another
group of 52 adult females, who underwent MR
examination of pelvis for clinical suspicion of carcinoma
cervix or ovary, or uterine fibroid, and had normal
endometrium at surgery and histopathology, were taken
as controls for comparison of the ADC value and signal
characteristics of the normal endometrium. Patients with
incomplete medical records were excluded.
The MR pelvis was performed on 1.5 Tesla Siemens
machine, both pre- and postcontrast images were
obtained. The sequences included axial, coronal, and
sagittal, T2 weighted and fat suppressed T1 post
contrast images. In addition DW imaging in axial plane
was done at b-value of 50, 400 and 800 sec/mm2. ADC
images were obtained. The ADC value was calculated at
b-value of 800 of both the normal and abnormal
endometrium by taking region of interest (ROI).
All MR images were reviewed by two radiologists. If
there was a difference in opinion, it was resolved by
taking unbiased opinion from a third radiologist. The
abnormal endometrium was defined as either hypo-
intense, isointense or hyperintense signal within
endometrial cavity as compared to normal endometrium
on T2 weighted images. Patients who had high signal
intensity endometrium on DWI and low signal intensity
on ADC images were taken as diffusion positive and
patients who had high or low signal on DWI and high
signal on ADC images were taken as diffusion negative.
True positives were patients who had diffusion positive
endometrium and on histopathologically proved to have
endometrial malignancy. True negative were those
patients who had endometrium which was negative on
both diffusion imaging and histopathology. False positive
patients had diffusion positive endometrium but the
histopathology reported benign findings. False negative
were defined as patients who were diffusion negative
but histopathology reported them as endometrial
malignancy.
Statistical analysis was done on SPSS 16. The statistical
difference between normal and abnormal endometrial
ADC values was calculated by two-sided student t-test;
p-value of < 0.05 was considered statistically significant
with confidence interval of 95%.
RESULTS
The mean age of patients with diagnosed endometrial
cancer was 58 ± 13 years whereas the 52 controls had
mean age of 48 ± 16 years. All patients with endometrial
carcinoma had presented with postmenopausal bleeding.
The controls presented with different complaints like
progressive abdominal fullness and distention, or
menorrhagia, etc.
Out of the 52 patients with clinical suspicion of
endometrial carcinoma, 10 had hyperintense, 40 had
hypointense and 2 had isointense endometrium on
T2 weighted imaging. Thirty seven patients had
endometrium which was diffusion positive being
hyperintense on DW images and low on ADC images
(Figures 1 and 2) and diffusion negative in 15 patients.
Among 52 patients the distribution of true positive, false
negative, false positive and true negative is given in
Table I. The sensitivity of DW magnetic resonance
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Table I: Accuracy of diffusion weighted imaging.
Values
True positive n = 35
True negative n = 5
False positive n = 02
False negative n = 10
Sensitivity 77.77%
Specificity 71%
Positive predictive value 94.6%
Negative predictive value 33.33%
Figure 1: Axial diffusion weighted image
showing hyperintense endometrium
(arrow).
Figure 2: Axial ADC image showing
hypointense endometrium (arrow).
imaging for detection of endometrial carcinoma was
77.77%. The specificity, positive and negative predictive
value was 71%, 94.60% and 33.33% respectively.
Among 52 patients reported on MR examination with
endometrial malignancy, all patients had histo-
pathological proven diagnosis. Among true positives 26
had adenocarcinoma and 9 had endometroid type
malignancy they were positive on DWI. Eight patients
had adenocarcinoma, and 2 had endometroid
carcinoma and clear cell sarcoma respectively; they
were negative on DWI and were taken as false
negatives.
Five patients were diffusion negative; histopathology
showed benign pathologies like endometrial polyps,
complex hyperplasia so they were taken as true
negatives. The two false positive cases were reported
on histopathology as non-secretary endometrium and
complex endometrial hyperplasia respectively.
Among the controls, 45 patients had endometrium which
was hyperintense on T2 weighted and diffusion
weighted images. 
The mean ADC value for abnormal endometrium was
0.730 ± 0.215 x10-3 mm2/sec and of normal endo-
metrium was 1.265 ± 0.305 x10-3 mm2/sec x10-3
(p < 0.001), at b-value of 800 sec/mm2.
DISCUSSION
MRI examination is a useful modality for staging and
evaluation of pelvic malignancy in general and uterine
malignancy in particular. The previously reported local
studies have only described the role in staging; this is
the first local study regarding the improvisation of
routine MR imaging in the diagnosis of endometrial
malignancy with possible fallacies. Furthermore the
calculations of specificity and positive and negative
predictive values is an outstanding feature not reported
previously even in international studies. 
In this study, 37 patients and 45 controls showed
increased signal intensity on DWI images at b-value of
800 sec/mm2. Out of 37 patients 35 had endometrial
malignancy on histopathology. This is in slight contrast
to a study conducted by Tamai et al. in which 18 patient
had surgically proven endometrial cancer, and 12
female patients had histopathologically proven normal
endometrium.23 They concluded that all endometrial
cancers appeared hyperintense on DW images. DW
imaging is helpful in detection and demonstration of
endometrial cancer, although it is difficult to differentiate
between normal and cancerous tissue only on the basis
of increased signal intensity of endometrium on DW
images.
This study is also in slight contrast to a study conducted
by Wang et al. In his study all endometrial carcinoma and
normal endometrium showed high signal intensity on
DW images, however, all endometrial polyps and
hyperplasias showed a relatively lower or intermediate
signal intensity compared to the spared outer
myometrium.24
The reason for the increased signal intensity of normal
endometrium is not completely known.23 The T2 shine-
through effect is not a cause as hyperintense fluid in
bowel or bladder on T2-weighted images do not show
high signal on DW images at a b-value of 1000
sec/mm2.
This difference between this study and other studies
may be due to the fact that we obtained diffusion images
at a b-value of 800 sec/mm2, where as the others
obtained the images at a b value of 1000 sec/mm2.23,24
The sensitivity of diffusion weighted imaging for
detection of endometrial cancer in this study was
77.77% as compared to 96% in a study conducted by
Inada et al. the high sensitivity in his study can be
attributed to the small sample size of only 23 patients.25
The specificity and positive and negative predictive
values of this study cannot be compared with local or
international  literature because of the  non-availability of
these values in other studies.
The ADC value of normal endometrium is much higher
than that of cancerous endometrium. The difference
was statistically significant, having a p-value of
< 0.0001. Comparable results are described by Inada et
al.25 They recorded the ADC values for 23 patients with
surgically proven endometrial cancer, and of normal
endometrium in 31 healthy volunteers (14 with
leiomyomas and adenomyosis in 10 patients). They
concluded that the mean ADC value of endometrial
cancer was significantly lower, than that of normal
endometrium, leiomyomas and adenomyosis. Their
results are comparable to this study.
In another study conducted by Shen et al. similar findings
were described, and  the mean ADC of endometrial
carcinoma of 24 cases was 0.864 x 10-3 mm2/sec and
that of benign endometrial lesion (including endometrial
hyperplasia of 4 cases and endometrial polyps of 3
cases) was 1.277 x 10-3 mm2/sec. The difference between
the two groups was significant. 26
In published literature, a decreased ADC values for
malignant tumours has been reported for various
organs.27
The exact mechanism is under investigation, some
investigators suggest that decreased ADC value is
related to increased cellular density in malignant
tissues. In highly cellular tissues such as malignant
tumours, relatively reduced extracellular space may
restrict the movement of water molecules leading to
reduced ADC values.23
Furthermore the degree of signal intensity on DW
images may be different between normal and abnormal
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endometrium, subjective assessment is always difficult
because the signal intensity on MRI is not the absolute
value and the visual assessment of signal may be
affected by the adjustment of window level and width.
On the other hand, the ADC value calculated from DW
images can provide quantitative analysis of microscopic
water diffusibility in the tissue under analysis. In this
study, the ADC value of cancerous endometrium was
statistically lower than of normal endometrium without
any overlap. The results suggest that the measurement
of ADC value has a potential capability to differentiate
between normal and cancerous tissue in the
endometrium.
There were a few limitations of this study. The first was
that the controls were not strictly age-matched and
included some pre-menopausal ladies as well while the
cases were all postmenopausal. This was due to logistic
and cost issues and could not be overcome. However,
the large sample size was an attempt to reduce the
chances of error.
While taking ADC values of controls that underwent MR
examination for indications such as fibroid or ovarian
carcinoma and had surgically proven normal
endometrium, the phase of the menstrual cycle was not
taken in consideration. This is important as ADC values
may vary, depending on phase of menstrual cycle in pre-
menopausal patients in the control group. A larger series
of randomly controlled subjects with matching of age
and menstrual phase; and also the malignant vs. benign
pathologies must also be contemplated for accurate
comparison.
CONCLUSION
DW imaging is a sensitive tool in detection of
endometrial cancer. Malignant endometrium appear
hyperintense on DW imaging in majority of patients with
fallacies induced by the secretory/hyperplastic/
histologic variants of the malignancy but the ADC value
of endometrial cancer is significantly lower than that of
normal endometrium. Therefore, the measurement of
ADC value has a potential role in differentiating normal
from cancerous endometrium.
REFERENCES
1. Jemal A, Murray T, Ward E, Samuel A, Tiwari R C, Ghafoor A,
et al. Cancer statistics. 2005. CA Cancer J Clin 2005; 55:10-30.
2. Yasmin B, Bhurgri A, Sania N, Ahmed A, Usman A, Pervez S.
Pakistan - Country profile of cancer and cancer control 1995-
2004. J Pak Med Assoc 2006; 56:124-30.
3. Eun JL, Jae YB, Bum-Soo K, Sung EN, Kyung SS. Staging of
Early endometrial carcinoma assessment with T2 weigthed and
Gadolinium-enhanced T1-weighted MR imaging. Radiographics
1999; 19:937-45.
4. Manfredi R, Gui B, Maresca G, Fanfani F, Bonomo L.
Endometrial cancer: magnetic resonance imaging. Abdom Imaging
2005; 30:626-36.
5. Bahn MM, Oser AB, Cross DT. CT and MRI of stroke. J Magn Reson
Imaging 1996; 6:833-45.
6. Li TQ, Takahashi AM, Hindmarsh T, Moseley ME. ADC mapping
by means of a single-shot spiral MRI technique with application
in acute cerebral ischemia. Magn Reson Med 1999; 41:143-7.
7. Szafer A, Zhong J, Gore JC. Theoretical model for water
diffusion in tissues. Magn Reson Med 1995; 33:697-712.
8. Nasu K, Kuroki Y, Kuroki S, Murakami K, Nawano S, Moriyamam
N. Cancer using a sensitivity-encoding technique. Jpn J Clin Oncol
2004; 34:620-6.
9. Naganawa S, Sato C, Kumada H, Ishigaki T, Miura S, Takizawa
O. Apparent diffusion coefficient in cervical cancer of the uterus:
comparison with the normal uterine cervix. Eur Radiol 2005;
15:71-8. Epub 2004 Nov 5.
10. Sato C, Naganawa S, Nakamura T, Kumada H, Miura S,
Takizawa O, et al. Differentiation of non-cancerous tissue and
cancer lesions by apparent diffusion coefficient values in
transition and peripheral zones of the prostate. J Magn Reson
Imaging 2005; 21:258-62.
11. Nasu K, Kuroki Y, Nawano S, Tsukamoto T, Yamamoto S,
Motoori K, et al. Hepatic metastases: diffusion-weighted
sensitivity-encoding versus SPIO-enhanced MR imaging.
Radiology 2006; 239:122-30. Epub 2006 Feb 21.
12. Koyamam T, Togashi K. Functional MR imaging of the female
pelvis. J Magn Reson Imaging 2007; 25:1101-12.
13. Castillo M, Smith JK, Kwock L, Wilber K. Apparent diffusion
coefficients in the evaluation of high-grade cerebral gliomas.
AJNR Am J Neuroradiol 2001; 22:60-4.
14. Lyng H, Haraldseth O, Rofstad EK. Measurement of cell density
and necrotic fraction in human melanoma xenografts by
diffusion weighted magnetic resonance imaging. Magn Reson Med
2000; 43:828-36.
15. Uhl M, Altehoefer C, Kontny U, II'yasov K, Buchert M, Langer M.
MRI-diffusion imaging of neuroblastomas: first results and
correlation to histology. Eur Radiol 2002; 12:2335-8. Epub 2002
Mar 19.
16. Nonomura Y, Yasumoto M, Yoshimura R, Haraguchi K, Ito S,
Akashi T, et al. Relationship between bone marrow cellularity and
apparent diffusion coefficient. J Magn Reson Imaging 2001; 13:
757-60.
17. Bogner W, Gruber S, Pinker K, Grabner G, Stadlbauer A, Weber
M, et al. Diffusion-weighed MR for differentiation of breast lesions
at 3.0 T: how does selection of diffusion protocols affect
diagnosis? Radiology 2009; 253:341-51.
18. Kilickesmez O, Baramoglu S, Inci E, Cimilli T. Value of apparent
diffusion coefficient measurement for discrimination of focal
benign and malignant hepatic masses. J Med Imaging Radiat Oncol
2009; 53:50-5.
19. Kartalis N, Lindholm TL, Aspelin P, Permert J, Albiin N.
Diffusion-weighed magnetic resonance imaging of pancreas
tumours. Eur Radiol 2009; 19:1981-90. Epub 2009 Mar 24.
Comment in: Eur Radiol 2010; 20:1768-9; author reply 1770-1. 
20. Zhang J, Tehrani YM, Wang L, Ishill NM, Schwartz LH, Hricak H.
Renal masses: characterization with diffusion weighed MR
imaging: a preliminary experience. Radiology 2008; 247:458-64.
21. Kilikesmez O, Cimilli T, Inci E, Kayhan A, Bayramoglu S,
Tasdelen N, et al. Diffusion-weighed MRI of urinary bladder and
prostate cancers. Diagn Interv Radiol 2009; 15:104-10.
22. Chen J, Zhang Y, Liang B, Yang Z. The utility of diffusion-
weighed MR imaging in cervical cancer. Eur J Radiol 2009;
74:e101-6. Epub 2009 May 13.
712 Journal of the College of Physicians and Surgeons Pakistan  2010, Vol. 20 (11): 709-713
Imrana Masroor, Muhammad Zeeshan, Shaista Afzal, Nadeem Ahmad and Gulnaz Shafqat
 
23. Tamai K,  Koyama T,  Saga T, Umeoka S, Mikami Y, Fujii S, et al.
Diffusion-weighted MR imaging of uterine endometrial cancer.
J Magn Reson Imaging 2007; 26:682-7.
24. Wang J, Yu T, Bai R, Sun H, Zhao X, Li Y. The value of the
apparent diffusion oefficient in differentiating stage IA
endometrial carcinoma from normal endometrium and benign
disease of the endometrium: initial study at 3-T magnetic
resonance scanner. J Comput Assist Tomogr 2010; 3:332-7.
25. Inada Y, Matsuki M, Nakai G, Tatsugami F, Tanikake M,
Narabayashi I, et al. Body diffusion-weighted MR imaging of
uterine endometrial cancer: is it helpful in the detection of
cancer in non-enhanced MR imaging. Eur J Radiol 2009; 70:122-
7. Epub 2008 Jan 7.
26. Shen SH, Chiou YY, Wang JH, Yen MS, Lee RC, Lai CR, et al.
Diffusion-weighed single-shot echo-planar imaging with parallel
technique in assessment of endometrial cancer. AJR Am J
Roentgenol 2008; 190:481-8.
27. Ichikawa T, Haradome H, Hachiya J, Nitatori T, Araki T. Diffusion-
weighted MR imaging with single-shot echo-planar imaging in
the upper abdomen: preliminary clinical experience in 61
patients. Abdom Imaging 1999; 24:456-61.
Journal of the College of Physicians and Surgeons Pakistan  2010, Vol. 20 (11): 709-713 713
Diffusion weighted MR imaging (DWI) and ADC values in endometrial carcinoma
l l l l lOl l l l l
